the cuvette using a transfer pipette. The cuvette was placed in a custom stand for laser exposure. The entire cuvette was exposed to laser fluences ranging from 25 -200 mJ/cm 2 for 1 minute at room temperature without additional temperature control, unless otherwise noted.
In some experiments, 40 µL of cell suspension at a higher cell concentration (~10 7 /mL) was placed on a microscope slide (VWR, Radnor, PA) and covered with a stretched, 10 µm-thick, plastic film (ClingWrap, Glad, Oakland, CA). A volume of 20 µL of CB nanoparticle solution at a concentration of 25 mg/L was added on the top of the plastic film and covered with a second coverslip (VWR) for uniform distribution of the nanoparticle solution separated from the cells by the plastic film. In control experiments, the nanoparticles were added directly to the cells at a final concentration of 25 mg/L and covered with the plastic film. Then, 20 µl of DI water was added on the film and covered with a coverslip. In these "layered" experiments, the laser was projected from above to expose the cells as well as the CB nanoparticles in layers at a fluence that varied between 44 -200 mJ/cm 2 . The number of cells used in this study was extremely small, such that an attempt to wash them and then quantify uptake like other studies was difficult. Therefore, we used propidium iodide as marker that only fluoresces when inside cells to remove the need for washing. After laser exposure, cells were transferred back to microcentrifuge tubes and stored on ice to reduce uptake due to endocytosis until data collection for all samples was complete. Cells were then centrifuged at 500 x g for 6 min and washed twice with PBS (Cellgro) supplemented with 10% FBS. After the third centrifugation, the cells were re-suspended in PBS containing 0.37 µM propidium iodide (Thermo Fisher Scientific, Molecular Probes, Eugene, OR), put on microscope slides and cover-slipped for imaging by fluorescence microscopy (Olympus IX70, Olympus, Center Valley, PA) using appropriate optical filters. Viable cells were identified as those without propidium iodide (i.e., red fluorescent) staining. Cells with uptake were identified as those with calcein (i.e., green fluorescent) staining and no propidium iodide staining. Quantification of uptake and viability was not performed in this study, but has been reported previously [9] .
Transmittance measurements
Nanoparticle suspensions at various concentrations were placed in the laser-exposure cuvettes (see above) and exposed to the laser. A pyroelectric laser sensor (30(150)A-HE-DIF-17ROHS, Ophir-Spiricon, North Logan, UT) connected to a power meter (Ophir Nova II, Ophir-Spiricon) was first placed in front of the cuvette to measure the laser energy entering the cuvette. The power sensor was then quickly moved behind the cuvette to measure the laser energy transmitted through the cuvette. The difference between these measurements was the laser energy absorbed and scattered in the cuvette. An additional measurement made with the cuvette filled with DI water was used to determine the laser energy absorbed and scattered in the absence of CB nanoparticles. Together, these data sets allowed us to determine the light absorbed and scattered by the CB nanoparticles as a function of nanoparticle concentration.
Acoustic Measurements
Parametric assessments of acoustic output from laser-irradiated nanoparticle suspensions were carried out using an irradiated stream experiment. An illustration of the system for acoustic measurements is shown in Fig. S4 . Nanoparticle suspensions were flowed into a 37 L glass-walled, water-filled tank as a stable vertical particulate stream. Using a stream surrounded by a relatively large water body in this way eliminated possible artifacts associated with compact sample containers, minimized observational errors over relevant timescales by physically separating the radiating volume from large-scale environmental boundaries (walls and free surface), and also provided a simple method for acquiring statistics on large quantities of nanoparticle suspensions.
Acoustic pressures were measured using a needle hydrophone (HNC-0200, ONDA, Sunnyvale, CA) chosen for its broad response bandwidth, small scattering cross-section, and small receiving aperture that minimizes field integration of wave fronts that are not planar or incident normally to the sensitive aperture. The position of the hydrophone needle tip relative to the stream was determined using a focused ultrasound transducer (Panametrics V310-SU, Olympus) and pulser-receiver (Panametrics 5072PR, Olympus). The hydrophone was mounted to a two-axis positioner so that the location of the hydrophone could be changed relative to the stream. Positions were calculated from cross-correlation of scattered signals from the needle tip and hydrophone tip, needle dimensions, and the speed of sound at the water-bath temperature. Stream acoustic output measurements were typically made at a 5 mm lateral separation between the hydrophone tip and needle center, but varied between 2 and 15 mm. At the largest of these distances, frequencies up to 30 MHz (where the hydrophone sensitivity begins to roll off) would be attenuated less than 3.5% in water [4] .
Stream acoustic output and positioning transducer data were collected with a 100 MHz digitizer (CS320A, Cleverscope, Auckland, New Zealand) triggered by a sync pulse from the laser. Background sound levels were continuously monitored and experiments halted when the tank water, incrementally seeded with dilute nanoparticles, generated measureable acoustic output when exposed to laser without stream flow. Experiments were recorded with a video camera (EOS 60D, Canon USA, Melville, NY) zoomed in on the stream and needle nozzle, allowing post-test estimation of stream dimensions using the needle diameter for reference.
Nanoparticle suspensions were loaded in a 30 mL syringe (BD Falcon) which was connected to a 23 gauge blunt needle (Brico Medical Supplies, Dayton, NJ) via a tube extender (Baxter, Deerfield, IL). The blunt needle was held submerged using a bracket inside the tank. The nanoparticle suspension was injected at a volumetric flow rate of 85 mL/h using a syringe pump (New Era Pump Systems, Farmingdale, NY).
A broadband calibration of the hydrophone including phase was performed using reciprocity calibration below 100 kHz [5] , and through comparison calibration up to 30 MHz using a reference hydrophone (HMA-0200, ONDA, Sunnyvale, CA) whose response was known to be flat within +/-1 dB. A frequency-domain calibration function was then estimated through a model fit to the measured data with causal filters implemented in Matlab (Mathworks, Natick, MA). Time domain pressures for the photoacoustic stream experiments were found by dividing Fourier-transformed raw hydrophone voltage data by the calibration function (volts/pascal), and retaining the real part of the inverse Fourier transform.
To aid in the interpretation of the partitioned TNET experiment (Section: "Intracellular molecular delivery revisited"), broadband transmission through a polyethylene film was measured using an unfocused source (Panametrics V311, 0.5" diameter, Olympus NDT, Waltham, MA) and a needle hydrophone (HNC0400, ONDA Corp., Sunnyvale, CA). The source was driven with a voltage impulse by a pulser (Panametrics 5072PR), providing a useful measurement bandwidth up to approximately 35 MHz. The film (Glad Products Company, Oakland, CA), was placed over a 17 cm inner diameter PVC frame, stretched just enough to remove wrinkles, and secured with double-sided tape. All data were collected in a tank filled with distilled water and digitized at 100 MHz (CS320A, Cleverscope, Auckland, NZ).
Hydrophone measurements were first made with a clear propagation path, and subsequently with the film positioned approximately 2.5 mm from the face of the source. Four repeats each were acquired for each configuration. Data processing was performed in MATLAB (Mathworks, Natick, MA): time domain data were ensemble-averaged, the Fourier transforms computed, and the spectral ratio formed. This ratio, indicating the extent to which reflection and attenuation may change the transmitted filed from the sound source deviated from unity by no more than 2% and 3% below 25 and 35 MHz, respectively.
Temperature Measurements
To facilitate infrared camera measurements of irradiated-suspension temperatures, a custom cuvette was constructed using a rubber gasket placed between two calcium fluoride crystal windows of 1-inch diameter and 5mm thickness (Thorlabs, Newton, NJ). A hole was made in the rubber gasket to let fluid into the space between two windows. The final volume was about 550 µL, which was very similar to the standard cuvettes. An infrared (IR) camera (IRC 900, IRCameras, Santa Barbara, CA) was used to measure the temperature rise in the cuvette. The optical window of the cuvette was designed for optimum transmission between 600 nm and 10 µm wavelength light, beneficial for both the laser and IR camera. A total of 500 µl of CB nanoparticles suspended in DI water at a final concentration of 25 mg/L or 50 mg/L were pipetted into the cuvette. The system was exposed to laser pulses for 7 min at either 25 or 44 mJ/cm 2, using the CB suspensions as well as pure DI water. Photon counts emitted from the cuvette were recorded using the IR camera during the laser exposure and for another 7 min after laser exposure to measure system cooling. The photon count was later converted to temperature by calibrating against a standard J-type thermocouple.
II. System Characterization and Calculations
FIGURE S1. Dynamic light scattering measurement of CB nanoparticles suspended in DI water showed a mean diameter of ~200 nm with a dispersity of 0.21 and zeta potential of -21 mV.
The suspension showed no sign of settling or aggregation over time during the measurement.
FIGURE S2. Increase of CB nanoparticle temperature with time predicted using Eq. 3. Data points were predicted and the line connects the points.
FIGURE S3. Characterization of the CB nanoparticle in suspension with DI water after laser irradiation.
(a) Nanoparticle size was determined by dynamic light scattering before and up to one hour after laser exposure at 44 mJ/cm 2 and shown to undergo insignificant changes. (b) Absorption spectra were characterized for CB using a spectrophotometer before and up to one hour after laser exposure at 44 mJ/cm 2 , and shown to undergo insignificant changes over time (two-way ANOVA, p>0.05). (Error bars not shown, n=3).
FIGURE S4. The measurement configuration used to characterize the acoustic output from a nanoparticle suspension stream. The hydrophone was moved relative to the stream of nanoparticles using a two-axis positioner (not shown), enabling mapping of the spatial and temporal pressure profile. . Acoustic output of a 50 mg/L CB suspension measured using a hydrophone. This graph is from the same experiment as shown in Fig. 4 in the main manuscript, but for a longer time. Assuming each cell is contained in a rectangular container and then each container contains equal number of carbon clusters and similarly each carbon cluster also has a rectangular box, the geometry of the system can be calculated. Cell to particle distance = Inter-particle distance = Length of edge of nanoparticle box
Cell to particle distance = Inter-particle distance = 4.19 µm Mie Scattering Calculations Mie calculations were done using an online calculator [2] . Scattering and Absorption was first calculated for a single spherule and then extended to individual clusters. Energy Attenuation = Absorbed % + Scattered % = 6.31%
IV. Acoustic Pressure Analysis Analysis Approach
The size of a particle or its enveloping bubble following laser irradiation can be estimated through further analysis of the calibrated pressure data. Treating a single particle located at ! as a simple acoustic source whose volume ( ) changes as a function of time, the radiated pressure ! is that of a monopole, simplified for the case where the pressure is observed at a distance ! that is large compared to the maximum particle radius:
where and c are the ambient fluid (water) density and sound speed, respectively, ! is the volume of the source, ! = ! − ! , and the argument ( − ! / ) is the retarded time, which relates the effect observed at ! to its cause at ! as illustrated in Fig. S7 . Taking the source volume to be a sphere with time dependent radius ! , Eq. S1 becomes
An estimate of can be made by double-integrating the pressure with respect to time, and an estimate of ! can be found from the cube root of , keeping mind that ! ≥ ! , the radius of the underlying solid particle.
In the present case, where the acoustic field is produced by a distributed array of N particles, the total acoustic output !"!#$ is
which holds under assumption of linearity and negligible particle interactions. Even under these simplifying conditions, it is not possible to determine the radial motion of each individual particle from a single pressure measurement. Instead, we use the pressure data to estimate the radius ( ) averaged over the ensemble of laser-irradiated particles in the stream, writing the total pressure as:
. Problem geometry. Red dots denote CB particles
, is the pressure produced by an "average" particle located at
, is the impulse response of the ensemble of particles, ! ( − ! ) is a delta function applied at location ! and time = ! , ! is a weighting function that accounts for non-uniformity of the incident laser light beam, and the operator * denotes a time domain convolution. The impulses emanating from each particle location are presumed to radiate sound coherently once activated at time ! by a laser pulse. H can be thought of as a causal filter determined by the geometric distribution of particles and their distances to the finite sized hydrophone, conveying how the timescale of pressure signal arrivals from individual particles expands and total signal bandwidth narrows as the characteristic sizes of the particle array and hydrophone sensing aperture increase. In this formulation, there is no requirement that the pressure measurement be made in the far field of the particle ensemble -nearfield effects are captured in the calculation of H. From the above, an estimate of is found from
Impulse Responses and Shadowing Effects Fig. S8 shows a calibrated acoustic measurement along with the calculated impulse response H of a stream with circular cross section corresponding to the typical stream diameter, and uniform incident light activation ( ! = 1), and hydrophone diameter of 0.20 µm. Both data sets are for an observation distance ! = 9.7mm, and were each normalized by their respective maximum values. The calculated response timescale of H -which is primarily determined by the stream diameter when the observation distance is large compared to the stream height -is considerably longer than that of the measurement. For the geometry and frequency range of the present problem, the hydrophone aperture effects contribute less than 5% in magnitude and 0.1 radians of phase to the total transfer function. Therefore, the observed timescale discrepancies must originate in the irradiated stream: the particles contributing to the observed acoustic field must have a more limited spatial extent than provided by the full stream. The measured pressure appears at a time near the leading edge of H, suggesting that the particles contributing the measurement were in a region closest to the hydrophone. On the basis of temporal widths, the measurement appears to be emanating from a sector of the stream whose sagitta is less than 20% of the stream diameter. Since all particles were essentially simultaneously irradiated by the incident laser light, and the attenuation of light through the stream is of second order for the dilute suspensions being examined, we hypothesized that the shortened response time scale was the result of bubble shadowing. That is, while all particles were illuminated by the laser light and may all generate vapor bubbles, only those closest to the observation point (e.g. r 0 ) may contribute to the observed acoustic response. The acoustic fields generated by other particles would be either screened by a "wall" of bubbles or be substantially weakened by bubbly-liquid scattering and attenuation [6, 7] . An important question then follows -what is the quantity and distribution of those particles that do contribute to the observed acoustic response? One way to estimate this is to use the previously described time scale for heat transfer τ ws out of a particle to the surrounding fluid. As a bounding case, we may estimate that only a path of length d from within the stream, having a propagation time to escape the stream d/c < τ ws ~18 ns (Fig. S9A) , will travel unimpeded to the exterior pressure measurement point. Fig. S9C shows impulse responses for two notional "shadowed" geometries, along with the full stream response and calibrated pressure measurement for reference.
As illustrated in Fig. S9B , the "crescent" is formed from offset circles, and the "segment" is simply a portion of the stream cross section, both with thickness c·τ ws . The number of contributing particles in the crescent and segment models are a very small portion of the total irradiated by a laser pulse: only 4.48% and 1.13%, respectively. Returning to S9C, the impulse responses of the modeled shadowed geometries appear to bound the response width of the calibrated measurement. This is reiterated in terms of response bandwidth with the normalized spectra shown in Fig. S9D .
The primary portion of the measured acoustic response is much longer than τ ws =18 ns. However, much of this elongation (and bandwidth loss) is associated with making the measurement in the near field of the irradiated stream aperture. This effect is captured in the simulation approach described above, thereby reconciling the differences in τ ws and the predicted acoustic response duration. Measurements were not made in the far field of the irradiated stream primarily to maximize the hydrophone signal to noise ratio. We estimate that further losses due to the directivity of the finite hydrophone aperture are negligible. 
Estimates of the time-varying average particle radius were calculated using Eq. S5 along with N and H values for the crescent and segment distribution models. The ratio p total /H was calculated in the frequency domain, inverted back to the time domain, and low pass filtered at 30 MHz to minimize high frequency noise amplification. Fig. S10 shows the result obtained with the crescent model of contributing particles. The maximum radius, including the 100 nm initial CB cluster radius shown with the black dashed line, was approximately 720 nm. For comparison, the maximum radius for the sector model was 1140nm. The prolonged contraction phase observed in Fig. S10 is in contrast to inertial cavitation that is instigated by an external energy source such as focused ultrasound or laser light in the absence of solid absorbers. In those cases, the inertia of the external fluid dominates the bubble condensation process [8] , while in the present case it appears that after a bubble is formed, its condensation rate is mitigated by residual heat transfer from the enveloped CB particle to the vapor, and from the vapor to the adjoining fluid. FIGURE S10. Estimated particle radius history for the crescent model of stream shadowing.
If Eq. S5 had been applied to the measurement of sound produced by vapor bubble with no central solid particle, the true bubble radius (after inertial collapse, for example) would at times be less than its equilibrium value, and the cube-root calculation would errantly result in an imaginary component to the radius time history. However, for the present experiments with heated particles, the calculation yielded a purely real-valued result. This again is consistent with the notion that the TNET vapor bubbles do not collapse during the time window during which the measurement and calculation were made. While generally consistent with the findings of the thermal and in vitro analyses in this paper, the acoustic estimates of bubble activity were based on several simplifying assumptions. Most notably, since the bubble size clearly varies with time, the abrupt cutoff of radiation contributions in space as described here with the "crescent" and "segment" shadowing models was a crude approximation. A more detailed model incorporating time-varying scattering, attenuation and propagation speed would be of value, but development of such a model was beyond the scope of the present paper. The hydrophone calibration was estimated to have an uncertainty of +/-12%, which would translate to an uncertainty of about 4% in bubble size. As such, calibration uncertainties are not likely to be a major error source relative to the assumptions made above.
